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REMARKS 

This Preliminary Amendment cancels original claims 1 to 8, and adds new claims 9 
to 18 in the underlying PCT Application No. PCT/DE02/04255. The new claims conform the 
claims to the U.S. Patent and Trademark Office rules and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125, the Substitute Specification (including the 
Abstract, but without the claims) contains no new matter. The amendments reflected in the 
Substitute Specification (including the Title and Abstract) are to conform the Specification and 
Abstract to U.S. Patent and Trademark Office rules or to correct informalities. As required by 37 
C.F.R. § 1.121 and § 1.125, a Marked Up Version Of The Substitute Specification comparing the 
Specification of record and the Substitute Specification also accompanies this Preliminary 
Amendment. In the Marked Up Version, underlining indicates added text and "strike-throughs" 
and double-brackets indicate deleted text. Approval and entry of the Substitute Specification 
(including Abstract) is respectfully requested. 

The underlying PCT Application No. PCT/DE02/04255 includes an International 
Search Report, dated April 16, 2003, a copy of which is included. The Search Report includes a list 
of documents that were considered by the Examiner in the underlying PCT application. 

It is asserted that the subject matter of the present application is new, non-obvious, 
and useful. Prompt considera tion and al lowance of the application are respectfully requested. 
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SEMICONDUCTOR SYSTEM HAVING A PN TRANSITION AND METHOD FOR 
MANUFACTURING A SEMICONDUCTOR SYSTEM 

Background Information FIELD OF THE INVENTION 

The present invention is directed to a semiconductor system 

and a method as recited in the other independent claims. 

BACKGROUND INFORMATION 

Semiconductor diodes for voltage limitation are . generally 
known and are generally designed as pn-type diodes in such a 
way that a p-layer is diffused into a homogeneously doped 
n-doped area. In order to reduce the bulk resistance and to 
improve the ohmic connection of the n-type semiconductor to 
the metal plating, the n-doped area is often n-doped from the 
back of the wafer. 

A semiconductor diode is known from the printed matter BE 
4320700 German Patent Application No. 4,320,780, in which the 
field strength occurring in the edge region of the 
semiconductor chip is lower than the field strength in the 
interior of the component. 

Advantages of the Invention SUMMARY OF THE INVENTION 
In contrast, — the The semiconductor system of the present 
invention and the method of the present invention having — Hre 
features of the other independent claims have the advantage 
over the related art in that the semiconductor system for 
reducing the field strength on the chip edge as well as the 
manufacture of the semiconductor system are substantially 
simpler . 

The measures cited in the subclaims make possible advantageous 
refinements of and improvements on — the semiconductor — system 
and the method for — its manufacture specified in the other 
independent claims . — 
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Drawin g 


An exemplary embodiment of the present — invention — is — depicted 
in the drawing and explained in greater detail in the 
5 following — description . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic representation of the cross-section 
of a known diode [[;]] 

10 Figure 2 shows a schematic representation of the cross-section 
of a semiconductor system according to an example embodiment 
of the present invention [[;] ] mim 

Figure 3 shows a schematic representation of the steps for 
15 manufacturing the semiconductor system according to an example 
embodiment of the present invention. 

Specification DETAILED DESCRIPTION 

A known diode 100 is shown in cross-section in Figure 1. 

20 Semiconductor diodes 100 for voltage limitation are usually 

designed as pn-type diodes in such a way that a p-doped layer 
2, which is also denoted below as first layer 2, is diffused 
into a homogeneously n-doped area 1. In order to reduce the 
bulk resistance and for a better ohmic connection of the 

25 n-type semiconductor to the metal plating, n-doped area 1 is 
strongly n-doped from the back of the wafer, which in all the 
figures is to be thought of as to be in the lower part of the 
figure. This results in a third layer 3 denoted by reference 
symbol 3. The reference to n-doping or p-doping for specific 

30 layers or areas is only to be understood as exemplary in 
Figure 1 and in all additional figures; according to an 
example embodiment of the present invention, the charge 
carrier type used for the doping may also be interchanged. 
Together, layers 1, 2, 3 make up the semiconductor body 

35 denoted as chip 10. Silicon in particular may be considered as 
a possible semiconductor material; however, another 
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semiconductor material may also be used. This statement also 
applies to all subsequent figures. 

An upper-side metallization 4 and a lower-side metallization 5 
5 are also shown in Figure 1. 

If a reverse voltage U s is applied to such a diode 100 , the 
current increases sharply as soon as Zener voltage U z is 
exceeded. The cause of the current increase, i.e., the voltage 

10 limitation, is based on the onset of the avalanche effect. 

When a reverse voltage U s is applied, a space charge region 
forms at the pn boundary surface, i.e., at the pn transition. 
From a specific electrical field strength E crit of approximately 
(2-4) *10 5 V/cm, charge carriers in the space charge region are 

15 accelerated so strongly that when they strike the crystal 

lattice, they break open bonds of the semiconductor and thus 
produce additional electrons and holes, which in turn are 
accelerated and are able to break open bonds. As a result, the 
current increases may increase beyond all bounds, i.e. it may 

20 become very high. In known diode 100 according to Figure 1, 
the pn transition ends in the area of a saw trench of the 
chip. To manufacture diode 100, a plurality of diode chips 10 
[[is]] may be manufactured and processed together as a wafer. 
This plurality of chips 10 [[must]] may subsequently be 

25 separated. This [[is]] may be carried out, for example, by 

sawing. This results in saw trenches, which are not, however, 
denoted individually by a reference symbol in Figure 1 but 
instead are merely identifiable as an edge of the chip. 
Depending on the saw type and sawing process, the crystal 

30 lattice in the area of the saw trenches [[is]] may be 

disrupted up to a depth, i.e., in a direction parallel to the 
chip plane, of several micrometers to several tens of 
micrometers. Such areas, which are denoted in the following as 
damage zones, have high energy state densities in the band 

35 gap. The damage zone, i.e., its width and depth, is denoted in 
Figure 1 by reference symbol 22. The high energy state density 
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in the band gap increases the recombination probability for 
charge carriers and accordingly the cutoff current. The 
electrical field strength required for triggering the 
avalanche effect is essentially lower in the area of the 
5 damage zone than in the inner, undisrupted chip area. For that 
reason, the avalanche breakdown in diode 100 occurs first at 
the chip edge. The consequences of this are preliminary 
breakdowns, which are expressed as rounded reverse 
characteristics. Therefore, since the current density is 

10 increased in these edge regions, pn-type diode 100 is 

subjected to a greater thermal stress at the chip edge than in 
the center. The consequence of this is significantly reduced 
pulse resistance of the diode. In such diodes 100, it is 
therefore customary to erode away the disrupted chip area, 

15 i.e., the damage zone, by etching using the KOH method, for 
example . 

Figure 2 shows a schematic representation of the cross-section 
of a semiconductor system 200 according to an example 

20 embodiment of the present invention. Chip 10, i.e., 

semiconductor substrate 10, includes first layer 2, which is 
p-doped, for example. Furthermore, chip 10 includes second 
layer 1, which is n-doped, for example. [ [p] ] £-doped first 
layer 2 is introduced into semiconductor material 10 in a 

25 specially patterned manner so that an edge region 2a of first 
layer 2 suggested in Figure 2 and a center region 2b of first 
layer 2 are produced. Edge region 2a has a lower dopant 
concentration than center region 2b in the chip center. 
Furthermore, the boundary surface between p-doped first layer 

30 2 and n-doped second layer 1, the boundary surface in Figure 2 
being denoted by reference symbol 12, no longer runs parallel 
to the wafer surface or to the chip plane, which is denoted in 
Figure 2 by a double arrow and reference symbol 13, in edge 
region 2a of first layer 2. In edge region 2a, boundary 

35 surface 12 is bent in the direction of first layer 2, i.e., in 
the direction of the top of the chip. Both properties, the low 
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p-doping concentration and the non-parallelism of pn 
transition 12 increase critical field strength E crit in edge 
region 2a of chip 10. This causes the avalanche breakdown to 
take place in the inside of chip 10, i.e., in center region 2b 
5 of first layer 2 and not at the chip edge. This results in low 
cutoff currents and higher pulse resistances. In addition, in 
most cases, it is possible to dispense with the costly removal 
of the damage zone (which is not shown in Figure 2 for the 
sake of simplicity) by etching. The lower doping of edge 

10 region 2a results in a pn-type diode having a higher Zener 

voltage at the chip edge than in center region 2b because the 
space charge region extends further into edge region 2a than 
into center region 2b. In blocking operation, edge region 2a 
does not reach avalanche breakdown because the inner diode, 

15 i.e., the pn transition between center region 2b and second 
layer 1 prevents a voltage rise beyond the Zener voltage, 
which is critical for edge region 2a. The non-parallelism of 
pn transition 12 in edge region 2a in relation to chip plane 
13 corresponds to the principle of positive beveling, which 

20 also results in a greater local Zener voltage. As a result of 
the charge neutrality, the space charge region at the edge 
expands further than in the parallel case so that the 
electrical field strength on the surface, i.e., at edge region 
2a is reduced still further. The positive beveling of boundary 

25 surface 12 of an example embodiment of the present invention, 
i.e., the "bending" of edge region 12 upwards, results in a 
varying angle between boundary surface 12 and the chip 
surface, i.e., of chip plane 13, due to a separation of chip 
10 of a wafer at specific points of curved or bent boundary 

30 surface 12 as a function of the point at which the boundary 

surface curve of boundary surface 12 of chip 10 is separated. 
This angle is also called the beveling angle and is provided 
with reference symbol 14 in Figure 2. The smaller a remaining 
sub-region is after the separation of chip 10, the smaller 

35 [ [is] ] beveling angle 14 i_s - under otherwise identical 

conditions. For example, the beveling angle of semiconductor 
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system 200 of an example embodiment of the present invention 
is at least 45°. The sub-region remaining after the separation 
of chips 10 is provided with reference symbol 20 in Figure 2. 
Except for the saw blade width during separation, which is 
5 described below in connection with Figure 3 - this width 

essentially corresponds to one-half the width of sub-region 7, 
which is described in greater detail below in connection with 
Figure 3b. 

10 Figure 3 shows an example of a manufacturing process of 
semiconductor system 200 of an example embodiment of the 
present invention or of diode 200 of an example embodiment of 
the present invention. Diode 200 has, for example, a Zener 
voltage of approximately 50 V. Of course, such a diode may 

15 also be designed for higher or lower voltages. 

The front, i.e., the top in the systems shown, of silicon 
substrate 10, i.e., chip 10, having a thickness of 
approximately 200 |jm and an n-doping of approximately 

20 2 . 6*10 17 cnT 3 , is coated with boron, and the back, i.e., the 

bottom in the systems shown, is coated with phosphorus. This 
results in a system shown in Figure 3a having first layer 2 
doped with boron in the example, second layer 1 provided with 
the basic n-doping, and third layer 3 doped with phosphorus in 

25 the example. Above Figure 3a, chip plane 13 is also here 
indicated by a double arrow. According to an example 
embodiment of the present invention, the coating of boron or 
phosphorus may be applied, for example, by ion implantation, 
via a doping glass or via a doping film. In particular, doped 

30 glass layers may be applied using the APCVD method 

(atmospheric pressure chemical vapor deposition) or doping 
films may be used in a known manner. This method makes it 
advantageously possible to apply dopants virtually 
simultaneously to the front, boron for example, and to the 

35 back, phosphorus for example. In the case of the doped APCVD 
glasses, a subsequent diffusion takes place at high 
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temperatures for approximately 0.5-3 hours. In film coating, 
diffusion takes place for 0.5-3 hours at 1265°C in an 
oxygen-containing atmosphere. After that, the silicon wafer or 
chip 10 is in a condition as shown in Figure 3a. The boron and 
5 phosphorus doses, respectively, amount for example, to 
(1-2) *10 17 cm' 2 .. 

The front of the wafer [ [is] ] may then be patterned. This may 
be carried out in an advantageous manner — in particular , for 

10 example, by making saw cuts in the front using a diamond saw 
or by water-cooled laser cutting. Figure 3b shows resulting 
chip 10, i.e., wafer, after the structuring step. The saw 
depth, which is denoted in Figure 3b by reference symbol 21, 
amounts to 5-35 jam, for example. Normally, saw depth 21 is 

15 selected in such a way that it is deeper than the depth of 
penetration of boron layer 2, i.e., of first layer 2, into 
n-doped second layer 1. The selection of the saw depth makes 
it possible to influence the lateral outward diffusion of the 
boron layer or the boron concentration - and accordingly the 

20 breakdown field strength at the chip edge - in the subsequent 
diffusion. The greater saw depth 21 is, the lesser is the 
lateral outward diffusion and critical field strength E crit at 
the chip edge. The width of the saw blade is based on saw 
depth 21 and the subsequent diffusion process; typical saw 

25 widths are 100 Jim. Sawing removes a sub-region of the front of 
the chip. This sub-region is denoted by reference symbol 7 in 
Figure 3b. The width of sub-region 7 corresponds to the saw 
width . 

30 If the dopants are already introduced into the front of the 
wafer in a patterned manner, the saw cut is generally may be 
unnecessary . 

After the structuring process, the actual diffusion takes 
35 place, i.e., the dopants are driven into the semiconductor 
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material of chip 10, i.e., into the silicon in particular . 
According to an example embodiment of the present invention, 

diffusion takes place at 1265°C for 90 hours. A doping profile 
as shown in Figure 3c is obtained. The dopants that are 
5 deposited in the bottom of wafer 10, i.e., of chip 10, i.e., 

in third layer 3, (see Figure 3a or Figure 3b) , as a result of 
the diffusion step, migrate upwards into the semiconductor 
material, which is provided with the basic doping. As a 
result, the area of third layer 3 is expanded or enlarged at 

10 the expense of the area of second layer 1 in wafer 10. 

According to an example embodiment of the present invention, 
the dopants deposited in the top of wafer 10 are provided in a 
patterned manner, i.e., they do not extend over the entire 
surface of wafer 10 or of chip 10, but instead only into the 

15 sub-regions of first layer 2, i.e., no dopant of first layer 2 
is present in the chip areas under sub-regions 7 (see Figure 
3b and 3c) . However, as a result of the diffusion, the dopant, 
which was introduced in a patterned manner into the top of 
wafer 10 migrates " vertically" downwards into the chip areas 

20 of layer 1 provided with the basic doping and reduces this 
second layer 1 in turn to the benefit of first layer 2. 
However, the dopant also migrates "laterally" into the areas 
of second layer 1, which are located under sub-region 7. 
However, this reduces their concentration the further the 

25 dopant has traveled into sub-region 7 or into the wafer area 
lying under it. In the area under sub-region 7, i.e., under 
saw trench 7, the boron dopant concentration is therefore 
reduced compared to the concentration in the center between 
two sub-regions 7. Furthermore, the diffusion in the described 

30 patterned deposition of the dopants on the top of chip 10 also 
causes the curve of the pn diffusion front, i.e., the curve of 
boundary surface 12 between positively doped first layer 2 (in 
the example) and negatively doped second layer 1 (in the 
example) , to have the desired and advantageous structure or 

35 shape. In the chip area under sub-region 7, boundary surface 
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12 exhibits a curve extending upwards, i.e., a curve which is 
not parallel to chip plane 13. 

After the diffusion step, in accordance with t-he—an example 
5 embodiment of the present invention, the front and back of the 
wafer, i.e., the top and bottom of the wafer, are provided 
with upper-side metallization 4 or lower-side metallization 5, 
as is shown in Figure 3d. Metal layers 4, 5 are used to 
contact chip 10. According to an example embodiment of the 
10 invention, a chromium/nickel/silver metal plating may be used 
in particular , for example . 

After the metallization, individual chips 10 are separated, by 
sawing, for example, by using a diamond saw, for example. 

15 According to an example embodiment of the present invention, a 
diamond saw having a saw blade width of 40 pm, for example, 
[[is]] may be suitable for this purpose. The saw blade width 
for separating chips 10 is denoted in Figure 3e by reference 
symbol 30. According to an example embodiment of the present 

20 invention, the separation of chips 10 of a wafer produces pn 
diode chips 200 or semiconductor systems 200 of the present 
invention having reduced edge field strength. In doing so, the 
beveling angle in edge region 2a of semiconductor system 200 
[[is]] may be defined and set. 

25 

According to an example embodiment of the present invention, 
diode chips 200 or semiconductor system 200 are in particular 
may be packaged in a known manner in a housing, which is not 
shown, in a diode press-fit housing, for example. 

30 

Because the separation of diode chips 200 using a saw under 
unfavorable sawing parameters - as a function, for example, of 
the grain of the diamond splinters, the feed motion, the 
rotational speed and the like - produces very large damage 
35 zones 22 on the chip edge, it is advantageously may be 

provided according to the present invention that this damage 


NY01 701989 v 1 


MARKED UP VERSION OF THE 
SUBSTITUTE SPECIFICATION 


zone 22 on the chip edge is removed, for example using wet 
chemical methods, for example, KOH etching, gas phase etching 
or the like. However, it [[is]] may be advantageous ±rr 
particular to implement the separation process using other 
non-destructive methods such as, for example, etching or 
water-cooled laser cutting. As a result, it [[is]] may be 
possible in an advantageous embodiment to eliminate the 
removal of damage zone 22. 
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Abstract 


ABSTRACT 


A semiconductor system [[(200)]] having a pn transition and a 
5 method for manufacturing a semiconductor system [[(200)]] are 
described disclosed . The semiconductor system [ [ (200) ] ] is 
designed in the form of a chip [[(10)]] having an edge region, 
the semiconductor system [[(200)]] includes a first layer 
[[(2)]] of a first conductivity type and a second layer 

10 [[(1)]] of a second conductivity type, which is of opposite 
polarity to the first conductivity type. The first layer 
[[(2)]] has an edge region [[(2a)]] and a center 
region [[ (2b) ]] , the pn transition being provided between the 
first layer and the second layer [[( 1 )]] . The second layer 

15 [[(2)]] is more weakly doped in its edge region [[(2a)]] than 

in its center region [[( 2b) ]] , and the boundary surface 
[[(12)]] of the pn transition at the edge region [[(2a)]] is 
non-parallel to the main chip plane [[( 13 )]] . 
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